ABSTRACT -In this work, fossil assemblages of coccolithophorids, oxygen stable isotopes (Globigerinoides ruber), and radiocarbon dating were used as proxies. The sediment core, obtained on the slope of Campos Basin, was analyzed, comprising the last 130 kyr. The results show that placolith-bearing taxa, such as Gephyrocapsa spp. and Emiliania huxleyi, as well as Florisphaera profunda, which inhabits the lower photic zone, dominated the assemblage during the whole study interval. Over the past 130 kyr, there was a relationship between productivity (based on N ratio) and climate cyclicity. In a general way, it can be said that sensu stricto interglacial stages (MIS 5e and the Holocene) showed low productivity, while the others (MIS 5d-a, 4, 3 and 2) had large fl uctuations. During interglacial-like conditions, a northward shift in the Intertropical Convergence Zone position would take place, along with a weakening of the NE winds associated with the Southern Atlantic Subtropical High and a weakening of the Brazil Current, leading to the maintenance of the water stratifi cation. On the other hand, during glacial-like conditions, the inverse conditions would be favorable to a shallower nutricline, increasing productivity in surface waters. Maximum productivity is achieved between 14-6.5 ky (during deglaciation), which could be a refl ection of the events of the Last Glacial Maximum.
INTRODUCTION
The oceanic circulation of the South Atlantic has an important role in the global climatic system, via the formation of deep water in the Southern Ocean and the heat transport to the northern hemisphere. Since the density variations that affect global thermohaline circulation are determined by the heat and water fl uxes occurring in the ocean surface (Rahmstorf, 1996) , studies on the development of superfi cial hydrography contribute to the knowledge of the global paleoceanography.
There are little data about the surface circulation in the Southwestern Atlantic during the Late Quaternary. During the Last Glacial Maximum (LGM), Heinrich Event 1 and the Younger Dryas, the South Atlantic worked as a heat and salt reservoir, as a consequence of the slowdown of the Atlantic Meridional Overturning Circulation (Toledo et al., 2007a) . In fact, even in the subtropical gyre region the temperature remained relatively high during the LGM, since the input of warm waters into the Atlantic via Agulhas Current occurred continuously (Gersonde et al., 2003) . Regarding the local precipitation (25º50'S), it increased during the LGM and in the Late Holocene (Pivel et al., 2010) , probably because in these intervals there was higher summer insolation in the studied latitude (due to the precession cycle), leading to a stronger monsoon. It is also known that the transition to the Marine Isotope Stage (MIS) 5 was particularly warm in the South Atlantic due to the reduction of the Atlantic Meridional Overturning Circulation (Gersonde et al., 2003) .
The paleoproductivity is an important object of study because it provides clues about variations of atmospheric and oceanographic systems in the past. Furthermore, oceanic productivity has an important role in the modulation of the fl ow of CO 2 between the ocean and the atmosphere; the lower level of atmospheric CO 2 during the glacial intervals is often explained (at least partly) by the intensifi ed oceanic productivity (Martínez-Garcia et al., 2009 ). In the southwestern Atlantic, the productivity seems to be higher during the deglaciation than in the LGM and Holocene (Toledo et al., 2007b) , although other studies have shown maximum peaks during the LGM and the Younger Dryas in the same studied area (24º26'S) (Toledo et al., 2008) .
In the context of paleoceanographic research, the coccolithophorids (unicellular algae) have been highlighted as excellent sea surface proxies (e.g. Beaufort, 1996; Beaufort et al., 1997; Flores et al., 2000; Andruleit et al., 2008; Grelaud et al., 2009) , since species distribution is affected by factors such as latitude, ocean currents, nutrient availability, salinity, temperature and light availability, showing higher diversity in warm and oligotrophic regions (Winter et al., 1994) . Their coccoliths, made of calcite, are preserved in marine sediments, allowing paleoenvironmental and biostratigraphical studies as well.
This study presents coccolith data obtained from the analysis of a piston core from the western South Atlantic for the last 130 kyr. The study area is located on the continental slope of the SE Brazilian continental margin. The collected samples have been investigated for their coccolith composition (absolute numbers and relative abundances). The authors attempt to (i) investigate the changes in the productivity of surface waters as revealed by coccolithophores, (ii) observe the general pattern of oceanographic features in relation to the alternation of glacial and interglacial intervals, (iii) relate oscillations in the nutricline depth to oceanographic and climatic changes.
Modern oceanography of the study area
The upper-level circulation in the South Atlantic Ocean is dominated by a system of gyres and by the equatorial and circumpolar current systems (Figure 1) , controlled by the atmospheric system. The subtropical gyre is associated with a high atmosphere pressure center, the South Atlantic Subtropical High (SASH), which is responsible for the predominance of NE winds in the Brazilian southeast region. The equatorial current system is driven by the trade winds and by the Intertropical Convergence Zone (ITCZ). The ITCZ and the SASH migrate throughout the year. During winter in the southern hemisphere, the ITCZ reaches its northernmost position (Peterson & Stramma, 1991) and the SASH, its northwesternmost position (Hastenrath, 1991) . Thus, in the studied area, northerly winds prevail in austral summer, while southerly winds dominate austral winter (Lass & Mohrholz, 2008) .
When the South Equatorial Current (SEC) reaches the Brazilian shelf region, it bifurcates into the North Brazil Current (NBC) to the north and the Brazil Current (BC) to the south. The local bifurcation is seasonal as well: when the SEC bifurcates in its northernmost position (austral summer), the NBC transport decreases and the BC transport increases (Rodrigues et al., 2007) .
The studied area is directly infl uenced by the BC. The sea surface temperature, evaporation, precipitation, and surface current intensity are linked to seasonal changes in the wind intensity. The BC fl ows in open sea, transporting the Tropical Water (TW) and the South Atlantic Central Water (SACW). The TW occurs in the fi rst 200 m depth and it's a warm (> 18ºC) and saline (> 36‰) water mass. Below that, there is the SACW, characterized by lower temperatures (6-20ºC), lower salinity (34.6-36‰) and higher nutrient concentration. A signifi cant and continuous supply of nutrients in the photic zone is necessary to promote an increase in productivity. There are two types of upwelling in the southeastern Brazilian Continental Margin (Palma & Matano, 2009) : the coastal upwelling near Cabo Frio, which is intensifi ed in the summer due to the action of NE winds, and the shelf break upwelling that operates all the year. In the studied area, the SACW constitutes the main source of nutrients, due to the shoaling of the nutricline induced by the NE winds or by the upwelling in cyclonic eddies formed in the BC at the shelf break (Silveira et al., 2000) .
MATERIAL AND METHODS
Core KF13 was obtained from the Brazilian Continental Margin at 20º02'24"S/ 38º59'24"W, at 1,774 m water depth (Figure 1 ), on the continental slope. It is located in the north of the Campos Basin. The 392-cm-long sediment sequence mainly consists of continuous hemipelagic mud, representing the time interval between 130-2.5 kyr (MIS 5-1). Micropaleontological and geochemical analyses were performed on the same samples, chosen on the basis of carbonate content in sediments, covering the major variations found.
Age model and sedimentation rate
The age model is based on the correlation of the isotopic record of planktonic foraminifera with the LR04 isotopic curve of Lisiecki & Raymo (2005) , using the Analyseries 2.0 software (Paillard et al., 1996) (Figure 2) . Two radiocarbon datings, performed on 120 specimens of planktonic foraminifera Globigerinoides ruber (> 150 μm) each, were used as control points. The planktonic foraminiferal biostratigraphy of the core (Iwai, 2010) agrees with the boundaries of the isotopic stages, supporting the presented age model. The biozones X (MIS 5), Y (MIS 4, 3 and 2) and Z (MIS 1) were found. In the lowermost part of the core, the values of the isotopic record reach levels similar to those of the Holocene, suggesting that the record includes the MIS 5e. The correlation coeffi cient between the curves was 0.87.
Radiocarbon datings were performed at the National Ocean Science Accelerator Mass Spectrometer Facility (NOSAMS) in the Woods Hole Oceanographic Institution. The results were converted to calendar ages using the calibration program of Stuiver & Reimer (1993) (Table 1 ).
The oxygen isotope stratigraphy of the core is based on the record of the planktonic foraminifera Globigerinoides ruber (white) (> 150 μm). Stable isotope measurements were made at the Mass Spectrometry Laboratory of the University of California (Santa Cruz, USA), with Dual Inlet Isotope Ratio equipment (fi ve specimens per sample). The sedimentation rates were 2.3 cm/kyr during MIS 5, 4, 3 and part of MIS 2, but increased to 24.4 cm/kyr during MIS 2 and then decreased to 6.3 cm/kyr during MIS1.
Sample preparation
Slides for microscope analyses of coccolithophores were prepared according to Koch & Young (2007) . After oven drying the sediment, it was removed a sub-sample of about 0.1-0.2 g, and diluted it in 10 ml of buffered distilled water. The volume of suspension which contained 0.008 g of sediment was calculated, and a micropipette was used to transfer this volume to a second test-tube, with 10 ml of buffered distilled water. 100 μl of this second solution was pipetted onto a coverslip. After being quickly dried on a hotplate, Canada balsam was used to mount slides.
Since the weight of sediment transferred to the slide is known, counts of coccoliths per fi eld of view can readily be converted into numbers of specimens per gram of sediment, as follows:
(number of specimens) (gram of sediment)
where: A = coverslip area; N = number of specimens counted; f = area of one fi eld of view; n = number of fi elds of view counted; W = weight of sediment on coverslip.
Observations were made using a light polarizing microscope (1000×). At least 300 specimens were counted and identifi ed, whereas Florisphaera profunda, ascidian spicules and Thoracosphaera sp. were considered separately. Species were identifi ed according to the studies of Hay (1977) and Perch-Nielsen (1985) , which present images in optical microscopy. The genus Gephyrocapsa was divided in three morphotypes: small Gephyrocapsa (< 2.4 μm), medium Gephyrocapsa (2.4-3.9 μm) and large Gephyrocapsa (> 3.9 μm). A taxonomic list of all identifi ed species is given in Appendix 1. The most relevant species for the paleoceanographic interpretation were photographed using a light polarizing microscope (1200×) (Figure 3 ).
Statistical analysis
The N ratio was calculated to assess the paleoproductivity. It is represented by the ratio of the absolute abundance of reticulofenestrids (Emiliania DE PALEONTOLOGIA, 16(3) , 2013 364 The Shannon diversity index was calculated using the free software PAST 2.05 (Hammer et al., 2001) . The dissolution index (CEX) proposed by Baumann & Freitag (2004) was used to verify the preferential dissolution of coccoliths.
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For the ordination analysis, the abundance of Gephyrocapsa spp. and Emiliania huxleyi were grouped because these species substitute each other over time, occupying similar ecological niche. Abrupt changes in their abundances probably represent a long term evolutionary trend, with superimposed short-term ecological variations , generating nonanalogous situations. The analyses were performed using the statistical software MULTIV (Pillar, 2006) and the PAST 2.05 software (Hammer et al., 2001 ) was used to build the graphs. The data matrix is composed of the species percentage for each depth level. The dissimilarity between sample units was measured by Euclidean distance. The ordination was performed using the technique of principal co-ordinates analysis (PCoA); the signifi cance of the axes was assessed by bootstrapping, with 1000 iterations, α = 0.1 (Pillar, 1999) .
The authors also performed a multivariate analysis of variance (MANOVA) between groups previously defi ned by the isotope stages. The dissimilarity between sampling units (relative abundances of species for each depth level) was measured by Euclidean distance. The test was based on the sum of squares between groups, using randomization with 10,000 iterations, α = 0.05 (Pillar & Orlóci, 1996) . Additionally, the species occurring in at least ⅓ of the sample units, with relative abundance of 1% or more in at least one deep level, were selected and subjected to the same statistical procedure.
RESULTS

Coccolithophore assemblage variations
In total, 36 coccolithophore taxa were identifi ed, besides Thoracosphaera spp. and ascidian spicules. The total coccolith numbers were higher in MIS 1 and 5, reaching 26.4 ×10 8 coccoliths/g sediment; the lowest numbers were registered also in MIS 1, around 11 ka, with an almost barren sample. The Shannon diversity varied between 1.66 and 1.97. High diversity peaks occurred between 123-119 kyr (MIS 5e), 75-67 kyr (MIS 5a-4) and 32.5-15 kyr (MIS 3-2). Low diversity intervals occurred between 104-84 kyr (MIS 5d-5a) and 12.5-4 kyr (MIS 1). In a general way, diversity is higher when total coccolith numbers are higher; the N ratio has an opposite behavior (Figure 4 ). In the studied interval, only fi ve taxa are responsible for the behavior of the total coccolith Part I (130-125 kyr). Characterized by high total coccolith numbers, decreasing from 24.6 to 18.5 ×10 8 coccoliths/g sediment. The N ratio shows low values (Figure 4) .
In this interval, the taxa with higher absolute numbers are Gephyrocapsa (large, medium and small) and Florisphaera profunda. Also standing out in smaller abundances are Rhabdosphaera stylifera, R. claviger, Calcidiscus leptoporus, Helicosphaera hyalina, H. carteri ( Figure 5 ) and Thoracosphaera spp.
The coccolith assemblage is dominated by Florisphaera profunda (32-40%), followed by Gephyrocapsa spp. ( Figure  6 ). Reticulofenestra spp. also stands out. Part II (125-14 kyr). Characterized by several oscillations in total coccolith numbers, with values ranging from 14.7 to 4.9 ×10 8 coccoliths/g sediment. The N ratio is characterized by large fl uctuations: fi rst, an increase (125-104 kyr), then a large decrease (104-75 kyr), followed by progressively higher values (75-14 kyr) (Figure 4) .
In this interval, the coccolith numbers of morphotypes of Gephyrocapsa were very much lower than during part I. However, there is an increase in their abundance around 84-71 kyr, and a decrease later. The fi rst important rise in coccolith numbers of Emiliania huxleyi was found around 41 ka, followed by a decrease and then an increase in the fi nal portion of part II (around 20 ka). The coccolith numbers of Florisphaera profunda also showed a large decline in the beginning of part II; between 98-71 kyr the numbers are higher and there are peaks in 41 ka and in 15 ka. Also stand out, with peaks in the initial and middle portions of part II: Rhabdosphaera claviger, Calcidiscus leptoporus, Helicosphaera hyalina, H. pavimentum, Syracosphaera pulchra, Thoracosphaera spp. and ascidian spicules. In the fi nal portion of part II, stand out taxa are C. leptoporus, H. hyalina, H. carteri, Calciosolenia murrayi and S. pulchra (Figure 4) . Large and medium Gephyrocapsa had their relative abundance in coccolith assemblage progressively reduced, but small Gephyrocapsa showed fl uctuations, with peaks in 104 ka and 63 ka. The rise of Emiliania huxleyi started from 63 ka onwards; it becomes the most abundant species in recent samples. The relative abundance of Florisphaera profunda is important in part II; between 98-37 kyr it is always higher than 28.8%. Also standing out are Rhabdosphaera stylifera, R. claviger, Calcidiscus leptoporus, Umbilicosphaera sibogae, Helicosphaera hyalina, H. pavimentum, Calciosolenia murrayi, Syracosphaera pulchra ( Figure 6 ) and ascidian spicules, with several fl uctuations. Part III (14-6.5 kyr). Characterized by very low values of total coccolith numbers, between 4.2-0 ×10 8 coccoliths/g huxleyi and Gephyrocapsa spp. -opportunistic species) and reticulofenestrids and Florisphaera profunda (lower photic zone dweller). High values in the N ratio imply a relatively shallow nutricline/thermocline position. Low values are interpreted as a relatively deep nutricline/thermocline position.
% Emiliania huxleyi + % Gephyrocapsa "small" % Emiliania huxleyi + % Gephyrocapsa "small" + % Calcidiscus leptoporus CEX = numbers curve: large, medium and small Gephyrocapsa, Emiliania huxleyi and Florisphaera profunda ( Figure 5 ). All the other taxa put together reached a maximum of 13.1%.
In order to facilitate data analysis, four parts can be defi ned in the study interval based on total coccolith numbers. sediment. The N ratio showed the highest values of the core (Figure 4) . In this interval, all taxa showed a large decrease in coccolith numbers, not only the dominant species, but also the subordinate species ( Figure 5) .
The morphotypes of Gephyrocapsa show a slight increase in their relative abundance, but Emiliania huxleyi is the dominant species in part III, reaching 45% of the assemblage. Florisphaera profunda, important before, shows in this part its lower percentage. Also standing out in smaller percentages are Rhabdosphaera stylifera, Helicosphaera pavimentum ( Figure  6 ), Thoracosphaera spp. and ascidian spicules. Part IV (6.5-2.5 kyr). Characterized by high values of total coccolith numbers, rising progressively from 18.3 to 26.4 ×10 8 coccoliths/g sediment. The N ratio showed a progressive decrease in values (Figure 4) .
In this interval, the coccolith numbers of Gephyrocapsa, Emiliania huxleyi and Florisphaera profunda increased considerably once again. A marked rise was also observed in the numbers of Rhabdosphaera claviger, Calcidiscus leptoporus, Umbilicosphaera sibogae, Helicosphaera hyalina, Calciosolenia murrayi and Syracosphaera pulchra ( Figure 5 ). The relative abundances of the morphotypes of Gephyrocapsa decrease in part IV, while the relative abundance of Florisphaera profunda increases. The percentage of Emiliania huxleyi had been high since the preceding part. Umbilicosphaera sibogae also stands out (Figure 6 ).
Statistical analysis
The ordination diagram provides a map of the coccolithophorid compositional changes between 129.6-2.4 kyr (Figure 7) . The signifi cant axis of the ordination diagram accounts for 96.76% of the total variation. The sample units are clearly distributed according to the estimated productivity: on the right, the units with high productivity (especially related with MIS 1); on the left, the units with low productivity (especially related with MIS 5).
The coccolithophorid assemblage exhibits significant differences between MIS (1-5) when compared by MANOVA (Figure 8 ). Analyzing the contrasts for the assemblage, it was possible to see that the majority of the MIS are different from the others. For example, the coccolithophorid assemblage of MIS 1 is signifi cantly different from the coccolithophorid assemblage of MIS 3, 4 and 5, but not from the MIS 2. It is possible that the coccolithophorid assemblages from MIS 1 and MIS 2 are roughly similar because MIS 1 includes Termination I, with Bolling-Allerod and Younger Dryas events.
The species, which have shown signifi cant differences in their relative abundance between MIS, were the following: large Gephyrocapsa, Rhabdosphaera claviger, Syracosphaera histrica, Helicosphaera hyalina, Emiliania huxleyi and Florisphaera profunda. Large Gephyrocapsa and E. huxleyi showed the same pattern recognized for the assemblage; therefore, they are the most determinant taxa of it. Rhabdosphaera claviger differed between MIS 1 × 4 and 1 × 5 (the glacial stages are not signifi cantly different from each other; the interglacial stages are signifi cantly different from each other). Syracosphaera histrica differed between MIS 1 × 2, 2 × 5 and 3 × 5 (difference between glacial and interglacial stages). Helicosphaera hyalina differed between MIS 1 × 2, 1 × 5 and 2 × 5, and F. profunda differed between MIS 1 × 3, 1 × 5 and 2 × 5 (differences between glacial and interglacial stages and between the two interglacial stages) (Figure 8 ).
DISCUSSION
Meaning of the coccolithophorid assemblage dynamics
The low diversity presented by the nannofl ora in the last 130 kyr is coherent with an environment relatively close to the coast, since the diversity increases in open ocean (Brand, 1994) .
The coccolithophorid assemblage responded to the climatic changes in the Southwestern Atlantic, according to the glacial/interglacial stages. During sensu stricto interglacial intervals (MIS 5e and the Holocene) the total coccolith numbers were high, especially because of the occurrence of opportunistic species (Gephyrocapsa spp. in the MIS 5e and Emiliania huxleyi in the Holocene), suggesting similar oceanographic conditions. The productivity curve, based on the N ratio, had an almost opposite behavior of the total coccolith numbers curve, reaching the highest values at the beginning of MIS 1, during deglaciation, when the lowest coccolith numbers were recorded (Figure 4) . It is important to notice that signifi cant carbonate dissolution does not seem to have happened, since the CEX was high throughout the core (max: 0.99, min: 0.93). This apparent incongruity can be explained by the adaptation of coccolithophorids to oligotrophic waters. With the enhancement of nutrient availability, opportunistic species quickly respond, becoming more abundant in relation to Florisphaera profunda; thus, the N ratio increases. However, coccolithophorids cannot compete with phytoplankton groups that explore more effi ciently this nutrient availability and have higher reproductive rates, such as diatoms, and their absolute numbers remain low.
In the Arabian Sea, for instance, the competition with diatoms partly controls the coccolithophorid abundance and diversity. Coccolithophorids become scarcer where diatoms dominate (Andruleit et al., 2003) . In the South China Sea, coccolithophorids become abundant when the nutrient concentration is higher, especially Emiliania huxleyi and Gephyrocapsa spp. Nevertheless, whenever silicate is also abundant, diatoms become dominant (Chen et al., 2007) . In the oligotrophic region of the Northeast Atlantic, the coccolithophorid fl ux is larger than the diatom fl ux. In the temperate region (nutrient rich), diatoms dominate, and the coccolithophorid populations only grow when silicate become scarce . During the Late Pleistocene, in the Southeast Atlantic, the warm intervals are characterized by higher coccolith numbers associated with lower nutrient availability (reduced upwelling in the studied area) (Baumann & Freitag, 2004) . Thus, the competition between coccolithophorids and other phytoplankton groups seems to be a coherent explanation for core KF13 data. Today, oligotrophic waters favor the development of coccolithophorid populations, but not the productivity, leading to antagonic results between total coccolith numbers and N ratio. Diversity also increases when the N ratio is low (Figure  4 ), once the group is better adapted to oligotrophic conditions.
Besides the productivity, the other factor that must be considered is the dilution of coccoliths caused by the terrigenous sediment input. Thus, coccoliths become more abundant in open sea sediments than close to the coast (Andruleit et al., 2008) . This pattern was recognized in surface sediments of the Arabian Sea (Andruleit & Rogalla, 2002) and of the Southeast Atlantic (Boeckel & Baumann, 2004) . In fact, in core KF13, samples with lower total coccolith numbers are related to high sedimentation rate intervals. Andruleit et al. (2008) , researching the Late Quaternary in the East Indian Ocean, noticed that species with different ecological requirements show very similar curves of coccolith numbers; the same was observed in other regions. On the other hand, relative abundance can better show the response of indicator species to changes in environmental conditions. The same was observed in core KF13: the curves of coccolith numbers are very similar among different species ( Figure 5) ; their percentages ( Figure 6 ) can be better used in paleoceanography.
Looking at the PCoA (Figure 7) , it is possible to see that the productivity is the dispersal factor of sample units. The units related to MIS 5e and 1 do not overlap on the axis. Thus, although MIS 5e and 1 seem very similar, MIS 1 shows higher productivity. This difference may be related to the fact that the record is from the fi nal MIS 5e and from the initial MIS 1 (including Bolling-Allerod and Younger Dryas events), representing different moments in interglacial periods. Besides, the highest values of productivity were registered at the beginning of the MIS 1, probably still related to events of the LGM (discussed below). MIS 5 seems to be a stage with larger climatic fl uctuations, since the units are distributed along the whole axis. This is expected, since MIS 5 is globally divided in substages. MIS 4 and 3 are plotted near the diagram center, representing intermediate climatic conditions. MIS 2 has some overlap with MIS 1, probably because MIS 1 includes Termination I. This is a very likely explanation, since the same problem was detected in MANOVA (Figure 8) .
In a general way, it can be said that sensu stricto interglacial stages (MIS 5e and the Holocene) show low productivity. The others (MIS 5d-a, 4, 3 and 2) show many fl uctuations of this oceanographic parameter. The same pattern was observed in the east equatorial Atlantic Henriksson, 2000) . Thus, in milder stages (MIS 5d-a and 3), productivity tends to decrease along with the deepening of the nutricline. Time-interval 130-125 kyr. This interval comprehends the MIS 5e. The productivity was low ( Figure 4) ; possibly, the deep nutricline did not enable the fertilization of surface waters. In high latitudes of the North Atlantic, coccolithophorids are abundant in MIS 5e also, characterizing a relatively warm stage, with stratifi ed waters (Stolz & Baumann, 2010) .
The percentage of large Gephyrocapsa (Figure 6 ) deserves attention: the majority of specimens of this morphotype is related to Gephyrocapsa oceanica. This species prefer open ocean warm waters (Schiebel et al., 2004) . In fact, large Gephyrocapsa reaches the highest percentage values during MIS 5e. Time-interval 125-14 kyr. This interval comprises MIS 5d-a, 4, 3 and 2. The end of MIS 5e is marked by an increase in productivity until 104 ka, when the nutricline should be shallower. Thereafter, the productivity decreases, showing the lowest recorded values until 75 ka. Near the beginning of MIS 4 until the end of the interval, productivity increases progressively (Figure 4) .
The percentage of large Gephyrocapsa is not important from 71 ka onwards, with the end of MIS 5 ( Figure  6 ). Similarly, Baumann & Freitag (2004) found high percentages of G. oceanica only in warm intervals (MIS 19, 7 and 5) in middle latitudes of the southeast Atlantic. This agrees with the interpretation that the species prefers warm waters, although other authors claim a preference for eutrophic environments: in the Indian Ocean, G. oceanica is associated to monsoon-induced upwelling (Andruleit et al., 2000; . Time-interval 14-6.5 kyr. This interval corresponds to part of MIS 1, including the deglaciation. The productivity reaches its maximum in this interval, with a peak around 12.8 ka ( Figure  4) . The highest sedimentation rates were estimated between 13-10.6 ka. Higher sedimentation rates were also found during MIS 2 in a nearby area (24º26'S) (Toledo et al., 2007b) . In this interval, the sediments are siliciclastic, suggesting a greater contribution of terrigenous input, which may be related to the raised nutrient availability.
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Time-interval 6.5-2.5 kyr. This interval corresponds to part of MIS 1 (Holocene). Here, indicators have become very similar to the ones of part I (MIS 5e), with low productivity and high total coccolith numbers (Figure 4) . It seems that the climatic conditions in both sensu stricto interglacial stages were very similar, with well stratifi ed waters.
Paleoceanographic interpretation and the Brazil Current system
To interpret the changes in climate and in productivity identified in the coccolithophorid and oxygen isotopes record it is necessary to make analogies with the current climatic conditions. For this purpose, a paleoceanographic reconstruction is presented, linking the glacial/interglacial cyclicity, the intensity of winds, the position of the SEC bifurcation and the nutricline depth. This reconstruction is an extrapolation of the information obtained from the proxies, in order to relate the observed variations in the KF13 core with global and regional paleoceanographic changes.
As the ITCZ migrates seasonally to the warmer hemisphere, during glacial-like conditions it would be displaced to the south. The NE trade winds and the NE winds associated with the SASH would be intensifi ed, favoring the shoaling of the nutricline. Thus, the SACW would fertilize the surface waters, resulting in high productivity. In interglacial like-conditions, the characteristics would be opposite, leading to stratifi ed waters, with deep nutricline and low productivity.
In the Southeast Equatorial Atlantic, the glacial stages are also characterized by high productivity, since the intensifi ed northeast trade winds enhanced the equatorial divergence and a shallower nutricline Henriksson, 2000; Kinkel et al., 2000) . At the same time, the nutricline is deeper in the equatorial southwest Atlantic (Kinkel et al., 2000) . In the Southeast Atlantic, in high latitudes, productivity is also higher in cold intervals, especially in transition from MIS 2 to 1, caused by the infl uence of the Subantartic Front (Flores et al., 2003) . The coccolithophorid record shows that the Subtropical Front in the Southern Ocean also migrates to the north during cold intervals in the last 130 kyr (Findlay & Flores, 2000) . In interglacial stages in the Southeast Atlantic, the Subtropical Convergence Zone migrates to the south, probably linked to westward displacement of the Agulhas Current retrofl exion, bringing warm waters from the Indian Ocean to the Atlantic Ocean (interpretation based in the coccolithophorid and planktonic foraminifera record) (Flores et al., 1999) . Time-interval 130-125 kyr. Here, the oceanographic conditions should have been similar to the current ones, as pointed out by the composition and abundance of coccolithophorids, since it is an interglacial stage (MIS 5e). The low intensity of NE winds led to stratifi ed waters, resulting in an interval of low productivity (although higher than the Holocene). Time-interval 125-14 kyr. The productivity fl uctuations are related to changes in the atmospheric and oceanic circulation.
Productivity increases until 104 ka, near the peak of substage 5d (a colder interval in a lato sensu interglacial stage). The high intensity of NE winds favor the shoaling of the nutricline.
Productivity between 104 to 75 kyr is low, covering the sub-stages 5c, 5b and 5a. 5c and 5a are warm sub-stages. 5b is cold, but shorter than the others. The whole interval seems characterized as warm very likely because of the low resolution of the core. In warm intervals, the atmospheric circulation leads to stratifi ed waters. MIS 5 as a whole is a stage of mild climatic conditions.
Since then, the nutricline seems to remain shallower until the end of the interval (covering MIS 4, 3 and 2). During MIS 3 the productivity slightly decreased (therefore, the nutricline deepened) probably because it is a milder stage than MIS 4 and 2.
During MIS 2, the climatic conditions are even harsher, reaching the LGM around 19 ka. Modeling studies show that the ITCZ would be displaced to the South during the LGM because the land ice sheet (northern hemisphere) forces increased northeast trade winds (Chiang et al., 2003) . Holzwarth et al. (2010) also found a strengthening of northeast trade winds from LGM to Heinrich Event 1 (24-14 kyr) analyzing the dinofl agellate record in northeast Atlantic. In the north of Brazil, climate seems arid during LGM, showing a large humidity increase between 17.3-16.8 kyr (hydrogen isotope record in Caçó Lake). The authors also interpreted this data as a displacement of the ITCZ to the south during the LGM (Jacob et al., 2007) .
Besides the effects on the atmospheric and oceanic circulation, during the LGM the retraction of the coastline reaches its maximum, exposing a large part of continental shelf to erosion. Thus, the terrigenous nutrient input to the continental slope should have been much larger, leading to increased productivity. Filippelli et al. (2007) presented the phosphorus variation record during glacial intervals in the Southern Ocean and the Equatorial Pacifi c Ocean. The authors showed that the redistribution of phosphorus from the margin to the deep ocean during regressions has had impact in the oceanic phosphorus cycle. There is a lag between cause and effect, and the productivity increases in the transition of glacial to interglacial stages. This pattern occurs in core KF13, since the maximum productivity is reached after the LGM. Time-interval 14-6.5 kyr. In this study, the productivity is high since the LGM, but reaches its maximum at 12.8 ka, during deglaciation.
These results agree with the data found in a nearby area, using planktonic foraminifera, coccolithophorids and Cd/Ca as proxies: the deglaciation (14-8 kyr) seems to be the more productive interval in the last 25 kyr (Toledo et al., 2007b) . Nevertheless, different results were obtained when the Globigerina bulloides/ Globigerinoides ruber ratio (planktonic foraminifera) was used: productivity would have decreased severely during deglaciation (Toledo et al., 2008) . The authors believe that this discrepancy is due to the multivariate character of planktonic foraminifera adaptations. The increased G. bulloides/G. ruber ratio would be more related to a northward shift in the climatic belts than is related to the nutrient availability.
Around 11 ka, the Holocene begins. Data point to a displacement to the north of the ITCZ during early Holocene (Haug et al., 2001; Holzwarth et al., 2010) . However, the coccolithophorid record of core KF13 did not show any signifi cant changes at this time. Around 7.2 ka the productivity was still high. Time-interval 6.5-2.5 kyr. Similarly to MIS 5e, the productivity decreases. Many climatic changes characterize this interval. A general southward shift of the ITCZ over the course of the Holocene may have resulted from changes in the seasonality of insolation associated with the 21 kyr precession component of Milankovitch forcing (Haug et al., 2001) . Besides, supporting evidence for an increase in El Niño-like conditions in the late Holocene comes from both paleoclimatic reconstructions and modeling studies (Martin et al., 1991; Haug et al., 2001; Ybert et al., 2001) . A secondary factor is the marine transgression that took place since 7.8 ka. It reaches its maximum at 5.6 ka (4.7±0.5 m above the current coastline) and lasted until 2.3 ka (Martin, 2003) .
CONCLUSIONS
The dynamics of coccolithophorid assemblages in the last 130 kyr allowed a paleoceanographic reconstruction for the Southwestern Atlantic, especially related to the productivity (based on N ratio). The main conclusions can be summarized as follows: (i) general changes related to the cyclicity of glacial and interglacial stages are perceived. It can be said that sensu stricto interglacial stages (MIS 5e and the Holocene) are characterized by low productivity, while the lato sensu interglacial and glacial stages (MIS 5d-a, 4, 3 and 2) are characterized by large variations in this parameter. These variations refl ect fl uctuations in the depth of the nutricline; (ii) the productivity increase seems to be related with strongest NE winds and strengthening of BC, that leads to a shallower nutricline; (iii) maximum productivity is reached between 14-6.5 kyr (including the deglaciation and the beginning of the Holocene), with a peak around 12.8 ka. The increase of nutrient availability can also be related to the input of continental sediments (by the erosion of the exposed shelf during marine regression in the LGM) and the consequent redistribution of phosphorus from the margins to the deep ocean. Thus, the productivity increases with some delay between cause and effect.
